Abstract
INTRODUCTION
At the Open Pit "Potrlica", the coal and overburden mining are carried out by discontinuous technology of two parts of the open pit -the Northwest and Central parts. In 2016, there was a physical bonding of these two parts of the open pit, but the mining system is further divided into the Northwest and Central part of the Open Pit Potrlica. [1] In the Northwest part of the deposit (the site "Cementara") Open Pit Potrlica, near the main coal seam, there is also the first overburden coal seam thickness of 0.05 m (drillhole Bc-3) to 2.0 m (drillholes Bc-36 and B-99), the average thickness of 0.72 m.
It is separated from the main coal seam by the interlayer waste, thickness of 0.5 m (drillhole B-296) to 3.5 m (drillholes Bc-37 and Bc-38), on average of 2.29 m.
The first coal seam overburden consists of marl ( 3 M2). In general, two levels within the marl overburden can be distinguished in the area of "Cementara", as follows:
1. the level of light gray and yellowish marls, and 2. the level of striped dark brown marls, with a significant content of fossil shell conchs and snails in the laminated surfaces inside the dark-belt zones.
According to the data of all drillholes drilled in the area of "Cementara", the marl overburden thickness is from 1.5 m to 62.0 m (drillhole Bc-1), and the average thickness is 25.54 m.
The marl overburden zone, closer to the ground surface, consists of decomposed marls at the top significantly clayey and transformed into marly clays.
Excavation is carried out with the prior blasting of overburden and coal, except in the Northwest part of the open pit where, due to the proximity of the town Pljevlja, direct excavation and loading are carried out.
Excavation and loading at the open pit Potrlica -Pljevlja are carried out by discontinuous systems. Transport of overburden consists of continuous and discontinuous parts. Discontinuous part of the transport system consists of a fleet of trucks with the capacity of 100 tons.
Continuous part of the transport system consists of 6 belt conveyor with designed capacity of 2000 m 3 /h or 3664 t/h. The excavated coal is transported by the existing truck fleet to the plateau for coal disposal, except the quantities of 100,000 t annually from the Northwest part of the OP Potrlica which are directly transported from the work site to the plant for coal preparation and separation. The other quantities of coal, with transshipment on the plateau, are further transported to the plant for coal crushing and disposal of the Thermal Power Plant Pljevlja. . This project documentation has defined a web and dynamics of overburden excavation and coal mining in the Northwest part of the deposit (the site Cementara). Figure 1 presents a structure of the final slope in a part that is the subject of this paper. Verification the eastern slope stability of the open pit at the site Cementara was done on sections 8a, 9 and 9a. [2] Calculation the safety factor was derived using the software package SLIDE v6.0 of the company ROCSCIENCE.
STRUCTURE OF THE FINAL SLOPE
The stability calculation is done using the program SLIDE in the conditions of limit equilibrium according to the criteria that have been also verified in the most common application. The applied methods in calculation are:
-Bishop, -Janbu, -Morgenstern-Price The parameters of rock materials used in calculation the safety coefficient of slopes at the open pit mine on the eastern side of the site Cementara are given in Table 1 . These parameters are adopted on the basis of test results the geomechanical characteristics of the work environment and they are also applied to the site Cementara, and they are verified in the current study and project documentation, as well as geological and thematic engineering-geological elaborates. Engineering -geological sections for calculation the slope stability factors are formed on the basis of reinterpretation the structural characteristics, made on the basis of the results of exploration drillings, speci-fically carried out for the needs of rehabilitation. As an illustration of derived calculations, the appearance of geomechanical models is given on characteristic sections, with the values of safety factor for one of the used methods. Typical geomechanical sections are shown in Figures  2, 3 and 4.
Structural parameters of designed open pit slopes of the subject zone, first of all, had to fulfill the condition that the minimum allowed safety coefficients should be above the levels allowed by the Regulations on Technical Standards for the Open Pit Mining of Mineral Deposits ("Official Gazette SFRY", Nos. 4/86 and 62/87) in Table  3 of the Regulations, relating to the stability of individual slopes, system of slopes and final slopes in soft rocks.
During coal mining at the site Cementara and in a part between sections 8-8' and 10-10', it is necessary, due to the existence of objects on the site surface, geological and engineering -geological characteristics of the work environment and constructive characteristics of the work and general slopes, the works shall be carried out with the increased attention, with strict adherence to the prescribed safety measures and to the eastern boundary of the open pit which provides minimum safety factor of 1.1. 
Verification the Stability of the Western Slope
Verification the stability of the western slope was done successively with the progress of works on stabilization the separation plant (classification plant) Doganje. Verification of stability was carried out on profiles 8a, 9 and 9a. [2] Calculations were done in the program Phase 2 V8 using the finite element method. The analysis was carried out in phases:
 The first phase with completion the first horizontal beam and excavation of overburden and coal according to a given slope;
 The second phase with completion the second horizontal beam and excavation of overburden and coal according to a given slope;  The third phase with completion the third horizontal beam and excavation of overburden and coal according to a given slope;  The fourth phase by lowering of the open pit to the designed depth. Calculation results are given in the following figures: The values of calculated safety factors for all phases of excavation, in all sec tions, as shown in Table 4 are satisfactory for stability of temporary slopes. The adopted constructive parameters of slopes of considered part of the open pit at the site Cementara and for which the shown calculation of safety factor was done, i.e. their verification, are the result of the analysis of more variants of technical solutions. The process of defining the rehabilitation measures of the western slope and facilities of the final coal separation of coal and facilities, has implied the analysis of application of several methods and involved the boundary in the plan and depth.
The western slope of the open pit in the zone, where it was necessary to implement the stabilization measures, is characterized by the complex structural-geological and tectonic structure. The deposit conditions affect both the technical-technological solutions of overburden excavation and coal exploitation as well as the efficiency degree of reserves. The same is applied to the eastern final slope in the observed zone of the site Cementara, i.e. it is the environment with complex geological structure and the present engineering-geological processes have resulted to the instability of the slope itself and structures in a function of the open pit, which are located adjacent to the edge of slope.
Due to the presence of these structures out of which the foremost is the Administrative building with wardrobe, the works were carried out on their stabilization. For the safety of work development and importance of structures, a constant monitoring is carried out on the condition of slopes and structures.
Coal mining in maximum possible volume is directly conditioned by the volume and type of works to stabilize the western slope in the conditions of the eastern slope stability conditions and structures on the site surface with the permanent present requirement to safety of mining works. Therefore, the designed solution represented a compromise between the costs of stabilization the structures of Separation and western final slope and volume of coal reserves to be mined. Also, it was necessary to define the construction parameters of the eastern slope, which will ensure the stability of slope and present structures on one side with reliability degree that requires the importance of these structures, and thereby to maximize the quantitys of coal affected the concerned zone.
In all of this, an important factor is a dynamics of works on slope stability, excavation of overburden, coal mining and development of the internal landfill. Shortening the period, in which the space between the eastern and western slope is opened to the floor of excavated coal, will be enabled by the construction of slopes with lower safety factors, i.e. with larger angles of inclination, and consequently the excavation of large coal quantities. The earlier filling the excavated area by disposed overburden and waste, or as quick formation of internal landfill benches, will significantly reduce the risks of instability of slopes and accidents during realization of works. Due to all reasons listed above, the designed slopes took into consideration the necessary dimensions of working plateaus, berms and transport routes of internal transport of overburden and waste.
Calculation the Cubic Volumes of Coal Masses in the Zone of Section 8 to Section 10
Calculation the cubic volumes of coal that remains unexcavated in the zone of western slope of the open pit on the site Cementara was carried out using the method of vertical parallel sections.
Calculation the reserves of solid mineral raw materials by the method of vertical cross-sections is used most often in cases where deposits (ore bodies) of complex shape were explored by works set on vertical sections.
Calculation the coal quantity that will not be excavated on the site Cementara, in the area of the western slope, was made for a part between section 8 and section 10, or slightly wider area affected by works on the stabilization of the structure Separation. It should be borne in mind that coal in the section 8-8' was, for the most part, excavated and the works on coal mining in cross section will not developed. These works are in constructive, dynamic and economic terms consistent with the requirements of the technological system of coal mining in the monitored zone, ensuring the safe working conditions for their implementation with maximizing the coal quantities that can be mined. Design solutions of restrictions the open pit, in the zone of section 8 to section 10 of the site Cementara, were created in terms of restrictions the mentioned influential factors, and as a compromise solution conditioned by the necessary investments into structures for stabilization of slopes and structures and profit realized by coal mining.
In further period, it is necessary to give an appropriate technological solution of mining that would allow a as soon as possible rapid formation and advancement the internal landfill in the excavated area of the open pit, which would reduce the risk of implementation the mining works and gradually increase the stability of open pit slopes and structures. During the execution of works, the constant monitoring is required for the condition of slopes and structures to the phase when the permanent stability of the open pit slopes is reached by formation the internal landfill.
